A bag-in-bottle system for mechanical ventilation of infants and children is described.
The problem of providing mechanical ventilation for infants and children with respiratory failure can be solved in a number of different ways. This is illustrated by the many reports of new ventilators or adaptations of existing ventilators. There have been several approaches :-1. Existing ventilators provided with patient delivery circuits with reduced dead space, e.g., Bird infant J. & Q. circuits (Ahlgren and Stephen 1966, Mushin et al. 1969, ] aeger, Smith and Crocker 1972). 2. A controlled leak introduced into the expiratory limb of the ventilator circuit (Tunstall1973). 3. Small ventilators using the volume preset system, designed especially for infant use, e.g., Bourne's "Pediatric Respirator" (Mushin et al. 1969 , Arp et al. 1969 , Nordstrom 1972 , Grant 1974 . 4. A cabinet ventilator (Stern et al. 1970 , Linsao ct al. 1970 ).
6.
A bag-in-bottle device added to another ventilator to provide a small volume preset system, as described in this paper. A similar second-stage device for attachment to a Cape ventilator was described by Adams and Fox (1967) . Inkster (1973) described a second-stage device with a moving piston. We have adapted the Vent-Viva (The Commonwealth Industrial Gases Ltd., Alexandria, N.s.W.) which is a bag-in-bottle arrangement for use during anaesthesia, to provide a volume preset apparatus which can be driven by any suitable adult ventilator. A similar approach is used in the Bird Mark 6 device for adults (Mushin et al. 1969 ).
THE VENTILATOR SYSTEM
The apparatus is shown in Figure 1 and its circuit in Figure 2 . It is a bag-in-bottle system in which a corrugated bag of 120 ml, 500 ml or 1,200 ml capacity may be incorporated. With either of the two smaller bags, a perspex insert is placed in the bottle to reduce the capacity of the bottle. The bag fills by gravity and the DRIVING VENTILATC·..t====~ R maximum excursion can be limited as desired. Oxygen and air are mixed in a reservoir to provide the desired concentration of oxygen. Two low resistance, rapidly closing, competent valves allow filling of the bag from the reservoir or expulsion of the gas from the bag into the patient circuit when the driving ventilator increases the pressure in the bottle. During exhalation, the second valve is closed so that positive end-expiratory pressure can be maintained.
The gases are delivered via a heated humidifier and a Bird 15 mm E-piece to the patient. This system has been used with the Bennett PR2 and Bird Mark 7 ventilators. Two pressure operated exhale valves are used, one to control the ventilation of the bottle and one to close the exhalation limb of the patient circuit. When the Bird ventilator is used, the nebulizer or an equivalent leak is needed with the valve controlling the bottle, to allow normal cycling. From the expiratory side of the patient exhale valve, the expired gases may be led underwater to provide positive end-expiratory pressure. The ventilation is determined by the volume in the corrugated bag, the cycling of the driving ventilator, the compression volume of the patient circuit, and the compliance and resistance of the lungs and airways. The maximum pressure that can be developed in the circuit is limited by the maximum pressures generated by the driving ventilator. A pressure-sensing line leads to a pressure gauge and an open circuit alarm.
We have used the Fisher and Paykel humidifier (Spence and Melville 1972) . A thermistor senses the temperature of the delivered gas just before reaching the patient or before entry into a humidicrib (Fisk and Vonwiller 1972) . This system was tested using an artificial compliance, variable between one and five ml/cm of water, with resistances of 200 and 1,000 cm of water per litre per minute. These results will be presented separately (Abrahams and Fisk 1974) . The internal compliance of the system proximal to the humidifier, measured with a large volume syringe, was 0·5 ml/cm of water when the bag was empty. With the Fisher and Paykel humidifier in circuit, the internal compliance was 1·3 ml/cm of water.
The apparatus has been used for controlled ventilation of infants in the Paediatric Intensive Care Unit at The Prince of Wales Hospital since February 1973.
DISCUSSION
The important considerations when ventilators are adapted for use with children are those of small dead space and tidal volume, and rapid rate (Mushin, Mapleson and Lunn 1962) . It is also essential to provide adequate humidification and strict control of oxygen concentration (Stocks 1973) . Positive end-expiratory pressure is required for the management of the majority of infants. The patient frequently complicates the issue by maintaining vigorous spontaneous respiratory efforts. Ventilators can be made to deliver reasonably accurate preset volumes even to small infants, for example, the Bourne's and Arp ventilators (Mushin et al. 1969 , Arp et al. 1969 . However, adequate humidification is not easily provided with such apparatus without a considerable increase in the compression volume. This means that, as the peak pressure in the patient circuit varies, there will be marked changes in the tidal volume delivered to the patient (Robbins, Crocker and Smith 1967) . In addition to this, there is frequently a variable leak between the tube and trachea during inflation. Why then should we bother with volume delivered systems? It has been our experience that while these variations do occur, it is an advantage to have a system in which ventilation varies less with changes in compliance than if no attempt is made at volume preset cycling. If compliance increases, the volume delivered to the patient is still less than it would be if a pressure preset system were used, and the risk of alveolar rupture is correspondingly less.
The variations in leak around the tube have not been a serious problem in our patients. The Fisher and Paykel humidifier allows effective humidification without undue temperature gradient between the humidifier and the gas delivered to the patient. Spontaneous respiratory movements by the patient do not produce significant pressures within the system, because these are buffered by the relatively large internal compliance of the humidifier and ventilator system. This obviates the need for attempting triggered ventilation, which would be practicable only in a system with a very low internal compliance.
The availability of ventilators for infants at reasonable price depends on economic as well as design factors. The market for infant ventilators is small, and if apparatus that is sold for adult use can be adapted easily for children, then the price will be lower. With this system, existing adult ventilators can be used as the driving mechanisms, and more than one bag-inbottle set can be provided for each ventilator, allowing the apparatus to be cleaned while an alternative set is in use. Conversely, should the driving mechanism require servicing, other ventilators may be readily available to replace the one which is out of action.
The systems of ventilation using T-piece occlusion have been deservedly popular, particularly for use during anaesthesia. Indeed, it is our practice to use the unmodified Vent-Viva for this purpose in our operating theatre. This method works very well in the apnoeic patient. However, in the intensive care unit we have found the T-piece occluder system difficult to control, particularly when used for an active infant. The bag-in-bottle apparatus provides a relatively inexpensive and widely adaptable volume preset system. Addition of a separate exhale valve controlled by pressure in the bottle itself would enable it to be used with a ventilator that did not have a pressure operated exhale valve, as originally described by Adams and Fox (1967) . The apparatus can be used with the larger bags for older children or adults, allowing the advantages of volume preset ventilation to be obtained from pressure cycled ventilators.
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